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SEABED ANCHOR 

Hiis inveation relates to a seabed anchor including in particular so-caUed "suction 
5 anchors", and to a me&od of embeddiag such an anchor. 

For the e;q)Ioitation of hydrocarbon reservoirs that Ue under the seabed, it is known to 
use offihore structures that are anchored to the seabed. The offehore structures 
commonly include equipment for drilling wells through the seabed into hydrocarbon 
10 reservoirs beneath the-seabed, and for subsequently extracting hydrocarbons from the 
wells. An oflfehore structure may be a floating structure that is tethered to one or more 
seabed anchors to keep the structure at a desired location; altematively, an ofifehoie 
structure may be a non-floating structure that is supported on a foundation which rests 
on or in the seabed. In either case, safety and reUability require that the seabed anchor 
15 or foundation be stable against disruption by environmental phenomena and/or 
structural loading. It is known for closed caissons, piles, and gravity bases (massive 
baUast-fiUed slab-form structures of steel or reinforced concrete) to be used as seabed 
anchors or foundations. When the seabed soU conditions permit, anchors and 
foundation structures are preferably embedded in the seabed (as distinct from merely 
20 resting on top of the seabed), with the consequent improved stabiUty depending upon 
the mechanical properties of the.seabed soU (e.g. on shear strength, cohesion, specific 
gravity, etc.), and also on the size of the anchor or other structure. Generally, 
embedded anchors are slender so as to ensure that a substantial quantity of seabed soU 
resists movement of the anchor under the influence of external forces appUed to the 
25 aDcbor. 

Anchors may be embedded in the seabed by one of the two foUowing methods: 

(i) a hoUow anchor having a closed top and an open bottom is placed upright on 
30 the seabed, and flie interior of flie anchor is evacuated by a suction pun^ such 

fliat extranal hydrostatic pressure ^Ues forces to the anchor that cause the 
anchor to praietrate the seabed and become embedded in the seabed; 
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(ii) a hollow anchor having open top and bottom ends is mechanically driven 
into the seabed soil by application of a vibratory mechanism, or by repeated 
application of a large hammer (i.e. by."pile driving" techniques). 

5 

For the embedment of anchors or other structures in seabed soil at great sea depth, 
method (i) is preferred since seabed soil conditions are generally soft (i.e. the seabed 
soil is generally mud or silt in a more or less fluent state) and the installation equipment 
is. much lighter and easier to deploy and operate than the equipment required by iriethod: 
10 (ii). Anchors embedded by method (i) are kuown as "suction anchors" .or .-'suction, 
piles". The present invention, in its. broadest aspect,, is not limited to suction anchors, 
however. * • 

The anchors described are designed to rely upon friction between seabed soil and the 
15 skin of the anchor, with the result that such anchors are generally very tall for a given 
Tninirmim holding resistance (i.e. a force below which the anchor can be relied upon to 
.resist dislodgement from the seabed), such resistance depending on the characteristics 
of the seabed soil. Consequently, an anchor febricated on land and transported whole 
to a marine location where the anchor is to be embedded in the seabed is difficult .to 
20 transport and install, and may prove inefGcient at withstanding design loads due to- 
unc^tainties associated with soil characteristics. 



25 It is an object of the invCTition to provide an anchor and method of dq>loyment thereof 
having in:q)roved performance, given its size and weight 

According to a first aspect of the present invention there is provided a seabed anchor in 
the form of a caisson having a longitudinal axis and comprising a caisson side wall, an 
30 open caisson bottom and a closed caisson top that together define an interior volume of 
the caisson, characterised by seabed soil retaining means for retaining seabed soil 
displaced during embedment of the anchor in seabed soil in a direction generally 
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downwardly along said longitudinal axis such that the weight of seabed soil retained by 
ttie seabed soil retaining means adds to the force required to pull the embedded anchor 
out of the seabed. ... 

5 Said anchor may be provided with a fluid connection to the interior volume, whereby 
suction can be applied to cause embedment of the anchor in seabed soil 

Said seabed soil retaining means may con^)rise at least one container having an- 
- opening arranged to admit seabed. sbili during embedment, of the anchor in the seabed:- 
10 • Said container may be constituted: by. anhopen-topped hopper, and preferably has\a^ 
downwardly reducing, external cross-section to minimise . resistance to. .upward, 
movement of seabed soil past fhe container during embedment of the anchor. 

The container in one embodiment has a conical exterior, the apex of the cone oriented 
15 to penetrate the soil during embedment. The internal and external form of the container 
need not be the same, but a simple conical wall will suffice, and a more elaborate 
construction is likely to be heavier, defeating the object to some extent 

The seabed soil/retaimng means is preferably located entirely- within the interior- 
20 volume of the caisson, and -the* seabed -soil retaining means-is preferably located 
adjacent, the caissoiLtop.lo.receive jand retain, seabed soil displaced during latter .stages . 
of anchor embedment 

According to a second aspect of the present invention fliere is provided a method of 
25 embedding a seabed anchor according to fee first aspect of the present invention in a 
seabed conq>osed of soil, the method co^^)rising ttie steps of deploying the anchor onto 
the seabed with flie longitudinal axis of the anchor aligned substantially in a 
predetermined direction such that an open lower end of the anchor (or an opening in the 
lower end of the anchor) contacts the seabed soil, and applying forces to the anchor 
30 directed generally downwardly along the longitudinal axis of the anchor such as to 
force the anchor into the seabed soil and cause seabed soil to enter the interior of the 
anchor eventually to displace seabed soil into the seabed soil retaining means of the 
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anchor whereby the anchor is embedded in the seabed substantiaUy in said 
piedetennined direction and the weight of seabed soil retained in the seabed soil 
retaining means adds to the force required to pull the embedded anchor out of the 
seabed soil 

5 

Said appUed force may be derived-Jjy flying suction to the interior volume of the 
andior. 

In said second aspect- of -Ihe:: invention;: said . predetenn^ may be 

.0. • substantially verticd, or said piedetennined direction may be paitiy vertical and partly. 
horizontoUy directed ina selected bearing such as to embed the anchbr mto the seabed, 
substantially in a predetermined non-vertical direction tiiat optimises- resistance of tiie 
so-enibedded anchor to withdrawal by non-vertical loads. 

15 A known gravity base can be adapted to fonn a tiiird aspect of the invention by being 
provided with a seabed soU retaining means such ti>at the gravity base can be embedded 
in fluent seabed soil by a method corresponding to the second aspect of the invention 
and tiiereby forming a fourth aspect of die present invention. Where flie gravity base 
• has a single open-bottom, closed-top cell, that ceU can be adapted m like manner to the 

20 anchor of tiie.first aspect of tiie- present invention. Where die gravity base has a 
pluraUty of . openiottom. olosed.top.cells... each, cell can be individually . and . 
respectively adapted m like manner to the anchor of the first aspect of the present 
inventioiL 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the mvention wiU now be described, by way of example only, with 
reference to the accompanying drawings wherein: 

30 Fig. 1 is a simplified sectional elevation of a first embodiment of suction anchor 

in accordance with the invention; 
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Fig. 2 is a sinqjlified transverse cross-section of the first embodiment, taken in 
flie horizontal plane denoted II-II in Fig. 1 ; 

Fig. 3 illustrates the first embodiment in an initial stage of its embedment in 
5 fluent seabed soil; 

Fig. 4 illustrates the first embodiment in an intermediate stage of its embedment 
in fluent seabed soil; and . 

. 10 . Fig. 5 illustrates the first embodiment in a final stage of its embedment in fluent 

seabed soil. . 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

15 Referring first to Figs. 1 and 2, a suction anchor 10 comprises a caisson 12 having a 
side wall 14 that is substantially circular about a longitudinal axis 16 that is vertical and 
central when the anchor 10 has the aUgnment illustrated in Fig. 1. The- side wall 14 is 
generally shaped as a right cylinder, that is a uniform cylinder havmg a vertical wall of 
substantially constant radius about the vertical and central longitudinal axis 16. The 

20 caisson waU 14 is fabricated of welded steel plates, and is stiffened by vertically 
distributed steel ribs 18 Jhat .extend circumferentially around the internal surface of the 
wall 14. The ribs 18 have an iq>wardly open channel form to increase the resistance 
presented by the wall 14 to withdrawal firom embedment in mud or other seabed soil 
(see Fig. 5). The extmt to which the upwardly open ribs 18 hold a weight of seabed 

25 soil that may add to anchor withdrawal force is, like similar features in prior art 
anchors, so minimal as to be negUgible in con^arison to the relatively massive seabed 
soil retaining and weight-adding arrangement to be described further below. 

The bottom edge 20 of the caisson side wall 14 presents a downwardly directed knife- 
30 edge for ease of penetration of seabed soil (see Figs. 3-5). The caisson bottom 22 
(bounded by the bottom edge 20) is open and unimpeded by any form of transverse 
closure. As an alternative to an open bottom (22), the caisson bottom may be partiaUy 
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closed by a plate or grid (not shown) having one or more apertures of a total area 
sufficient to aUow an adequately ftee tbroughflow of mud or other fluent seabed soil 
whatt suction is applied to the interior volume of the caissoiL 

5 The top edge 24 of the caisson side wall 14 is continuously welded to the periphery of a 
top end wall 26 of steel plate to form an airtight connection thereto and thereby close 
the top end of the caisson 12. A suction vent in the form of a connector 28 is welded to 
the centre of the top end wall 26 for the fluid-tight connection of the interior of the 
caisson 12 to an extranal suction pump (not shown in Figs. 1 or 2, but see Fig. 4 and 

10 related description below). As an alternative to locating the suction vent in the caisson 
top end wall 26, th? connector 28 (or any other suitable form of suction vent) could be 
attached to the caisson side wall 14 near its top edge 24. 

The caisson side waU 14, the top wall 26, and the caisson bottom 22 bounded by the 
15 bottom edge 20 togelher define the interior volume of the caisson 12. Passage of fluids 
(e.g. air. seawater, and fluent mud) into and out of the interior volume of the caisson 12 
can take place only through open bottom 22 and/or the connector 28. 

It goes without saying that, to function, ihe anchor is also provided willi attachment 
20 points, not shown in Aese drawings, for a chain or othertether, connected typically to a 
.floating structure of . some kind. .The tether is generally attached to one side of the 
anchor, rather than on top. The tether ii conventionaUy attached to the anchor prior t» 
the embedmoat process. However, techniques are available for attadiing the main 
tether after installation of the anchor, as disclosed in our co-pending international 
25 appUcation PCT/EP02/01959. not published at the priority date of the present 
application. 

The suction anchor 10 as so-far described is substantially conventional, and the further 
features that convert a known suction anchor into the first embodiment of the present 
30 invention will now be detailed with fiarther reference to Figs. 1 and 2. 
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The caisson 12 is internally fitted with soil retaining means in the fonn of a conical 
hopper 30 that is aUgned point-down and is substantially synunetrical about the 

. aforementioned vertical and ceatral longitudinal axis 16. The bottom point 32 of the 
conical hopper 30 is supported by an array of eight equi-spaced horizontal stmts 34 that 

5 extend radially from the point 32 to the caisson waU 14 to cany the weight of the 
hopper 30 together with the weight ofany material held in the hopper 30. Thehopper :, 
30 has a conical wall 36 lhat diverges outwardly and upwardly from the bottom point 
32 to a circularupper edge 38. The top of the conical hopper 30 is joined to the caisson 
V .wall l4 by an annular grid 40 that laterally supports the upper fedge 38 (the annular grid' 
-10 :• 40. is-.-sh6wtt in. Jig- 1, but is omitted from Fig. 2 for-clarity). .As well as laterally 
supporting the tqp of the hopper 30. the ^ular.grid 4a.also. allows fluent mud to pass, 

■ - upwardly tiirough die grid 40, as will subsequently be detailed, with reference to Fig. 4. - . 
The top of the hopper 30 (bounded by the upper edge 38) is open and unimpeded by 
any form of closure, while the bottom of the hopper 30 is closed to the passage of all. 

15 fluids. The hopper 30 is located within the caisson 12 such the bottom of the hopper 30 
(i.e. the bottom point 32) is above mid-height within the caisson 12, while the top edge 
• 38 of the hopper 30 is not greatly below the top end wall 26.- Hie conical hopper 30- 
serves as a seabed soil retaining means of the anchor 10. as will now be detailed with 
referenceto Figs. 3-5. For die sake of clarity and sinpUdly the longitudinal-axis 16 is.: 

20. -notdepictedjyerseinFigs. 3-5. • ■ 

Fig. 3 depicts flie preliminary stage of embedment of the suction andior 10 in a 
. submerged seabed 100 that is caxaposed of fluent mud. (This seabed mud is 
sufficiently fluent as to tend to flow when subjected to adequate force, whether due to 
. 25 gravity or pressure differentials, the mud also being sufficiently denser than the 
ambient seawaler as to tend to sink in the seawater.) Initially, the connector 28 is 
uncomiected to any external pump and freely connects the interior volume of the 
caisson 12 to the surrounding seawater. The anchor 10 is set down on the seabed 100 
m an upright position (with the longitudinal axis 16 substantially vertical) and with the 
30 • bottom edge 20 lowermost, by means of a hoist (not shown). Since the bottom edge 20 
presents a downwardly directed knife-edge (as previously described) and since the 
mterior volume of the caisson 12 is freely vented through the open connector 28 to the 
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ambient seawater, the dead weight of the anchor 10 causes the bottom edge 20 to 
penetrate the fluent mud of Hie seabed 100, with fluent seabed mud flowing upwardly 
through the open container bottom 22, .until the anchor 10 reaches the seabed 
penetration stage depicted in Fig. 3. . . 

5 

Referring now to Fig. 4, an external pump, 200 is temporarily coupled to the connector 
28, the punxp 200 being any suitable form of seawater punqj. Although shown close to 
the anchor, pump 200 may well be on board a ship at the surface. The pump 200 is 
operated toi^uck . seawater out 6fi.the?interior *volume of the caisson 12 -through. .the - 
•10 • coimector:28.(fiow:2Q2), this evacuated-seawater being discharged (flaw 204)^^^ 

the .pump outlet 206 into, the surrounding ocean. The suction induced by operatioa of., 
the pump 200 causes the pressiu-e -in the interior volimie of the caisson 12 to fall . 
significantly below the external pressure of the ambient seawater, consequently 
inducing a hydrostatic pressure imbalance denoted by the arrows 300. This pressure 
• 15 imbalance 300 acts on flie top wall 26 in a downward direction and tends to drive the 
anchor 10 more deeply into the seabed 100 generally downwardly along the 
substantially vertically directed longitudinal axis 16. • (Inwardly directed horizontal 
forces on the caisson side wall 14 induced by the internal suction tmd to act towards 
"the central axis 16 in nmtually.opposing:directions, and thereby be selfrcanceUing*.) .As, 

20 the anchor 10 increases its vertical- penetralion-ofth&seabed 100, fluent mud diawn by 
. . the.punq>-indu6ed suction thtou^ .the. -open Jbottom 22 and. upwardly. into tfae.interiot 
volume of the caisson 12 rises up &e interior of the caisson 12 (as denoted by the 
arrows 102),- eventually to flow upwardly through the annular grid 40 and overtop the 
iqpper edge 38 of the. conical hopper 30. The mud thereupon falls into the conical. 

25 hopper 30 (as denoted by tibie arrow 104) where the mud accumulates, this mud being 
retained in the closed-bottom hopper 30 by the combination of the tank wall 36 and the 
density of the mud being greater than the density of the seawater filling those parts* of 
the interior volume of the caisson 12 that are not currently occupied by indrawn mud 
As the anchor 10 penetrates more deeply into the seabed 100, the upward passage (102) 

30 of mud past the exterior of the hopper 30 is minimally impeded by the conical shape of 
the tank wall 36 (in comparison, for example, to the mud-flow-impeding effect of a 
hypothetical cylindrical soil-retaining tank with a fiat horizontal bottom). 
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Operation of the puxEp 200 is continued until the anchor 10 achieves the seabed 
penetration extent depicted in Fig. 5, wherein the interior volume of the caisson 12 is 
largely filled with seabed mud that has been sucked through the open bottom 22 and 
5 into the interior volume of the caisson 12 by operation of the pump 200. In particular, 
the seabed soil retaining hopper 30 . is substantially filled with . in • drawn mud. 
Deficiencies in filling of the hopper 30 to its maximum capacity will correspondingly 
diminish (but not destroy) tiie useful effect of the hopper 30, the advantage of the 
hopper 30 remaining for so- long as^the. hopper. »30 is at . least partly filled*^ -i^eh*the- 

;-10;'. caisson: 12 has been filled with seabed^mud. tO' a. satisfactory extent,: the* pump /200 isi 
disconnected firom the connector 28 .. and . withdrawn., for .future. ,use . elsewhere. 
Disconnection and withdrawal of the pump 200 concludes the process of embedding; 
the anchor 10 in the seabed 100, other than for any inspection and/or testing deemed 
necessary or desirable. The anchor 10 remains embedded in the seabed 100, where the 

' 15 embedded anchor 10 presents a resistance to being pulled out of tiie seabed 100 which": 
is greater than the resistance of a similarly dimensioned but conventional suction 
"anchor (i.e. a suction anchor that lacks a- seabed soil retaining means) by. «n extent at 
least equal to the weight of the seabed mud retained in the hopper 30 at the conchision^ * 
of embedment of the anchor 10 m therseabed 100. The ranbedded anchor-lO can tiien- 
•.. 2ev -^'be utili5ed as though it were a 'sinMlarly dimensioned but conventional -suctioirtmchdr ' 
I ihat iVas exceptionally well embedded,., or. a much laigcx .but.conventionallsuction . 
. anchor that was conventionally embedded. 

The vertically embedded anchor 10 will resist loads that are directed vertically 
.25 - upwards, and will also resist , loads that are a vector combination of Jhorizontal and 
vertically upward load components (including but not restricted to loads whose vertical 
component is predominant). In order to optimise embedment of the anchor 10 to 
withstand loads predominantiy directed in a specific non-vertical direction, the anchor 
10 may alternatively be set down on the seabed 100 with the longitudinal axis 16 of the 
30 anchor 10 aligned substantially in that specific non-vertical direction, such that the 
anchor 10 is embedded in die seabed 100 generally along that specific non-vertical 
direction. As mentioned earlier, the point of attachment of the load normally at one 
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side of the anchor, to avoid loads tending to pull the anchor out along its axis 16. It 
will be understood that the anchor having soil retained therein will resist such loads 
better than an anchor relying on friction, alone. 

5 The first embodiment of the present invention has been presented as a suction anchor, 
but the invention can also be. applied to other structures intmded for embedment. in a 
seabed. For exanq}le, seabed anchors according to the first aspect of the invention can 
be embedded in seabed soil without using suction, by placing the anchor on the seabed 
rand applidng generaUy dovmward*fdrces^t^ anchor to cause the anchor to become 
10 * embedded in the seabed soil; - 

. The soil retaining means need to be located internally of the anchor body and need not 
be a single centrally located container. Multiple containers, if desired, can be 
distributed both vertically and ^ound the periphery of the anchor body. • 
15 ' • - •- " 

Other modifications and variations of the invention can be adopted without departing 
fi*om the spirit and scope of the invention as defined in the appended claims. 



